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Combined s t u d i e s  of s e l ec t ed  nuc l e i ,  and se l ec t ed  f o r  t h e  proton r e s o l u t i o n  function.  The proton peak 
nuclear  e x c i t a t i o n s  w i th  both  e l ec t ron  s c a t t e r i n g  shape r equ i r e s  an exponential  leading  edge, an asy- 
and proton s c a t t e r i n g  i n  t h e  same region  of momentum me t r i c  gaussian-l ike c e n t r a l  component, an exponent ia l  
t r a n s f e r  can provide a f a r  r i c h e r  i n s i g h t  i n t o  nuclear  t r a i l i n g  edge, and a background component. This 
s t r u c t u r e  and nuclear  r e a c t i o n  mechanisms than  e i t h e r  genera l  s t r u c t u r e  was determined by examination of 
s tudy done separa te ly .  There has  been extens ive  e lec-  
t r o n  s c a t t e r i n g  work done on t h e  oxygen i so topes  by 
t h e  M.I.T. group a t  t h e  Bates Accelera tor  Laboratory 
and we r epo r t  he re  t h e  progress t h a t  has  been made i n  
analyzing t h e  r ecen t  proton s c a t t e r i n g  d a t a  from t h e  
oxygen i so topes  taken a t  t h e  IUCF during t h e  runs  of 
May 10 and June 12, 1978. 
During these  runs  135 MeV protons were s c a t t e r e d  
from a v a r i e t y  of i s o t o p i c a l l y  mixed beryll ium oxide 
f o i l s .  Spectra were measured over a range of s c a t t e r -  
ing  angles between 120 and 880 by use  of t h e  high re-  
so lu t ion  proton spectrograph. A small  po r t i on  of a 
t y p i c a l  spectrum taken during these  runs i s  shown i n  
Figure 1 (note logar i thmic  s c a l e ) .  The high r e so lu t ion  
of t h e  IUCF proton spectrograph al lows a c l ean  r e c o i l  
separa t ion  of t h e  enriched oxygen i so tope  e l a s t i c  peaks 
(160-14%, 170-19%, 180-67%) a s  we l l  a s  s epa ra t ion  of 
many exc i t ed  s t a t e s  of 70 and 180 occuring h igher  i n  
e x c i t a t i o n  energy. Also, i n  t h e  Figure 1 spectrum a r e  
peaks due t o  t h e  t r a c e  impur i t i e s  12c and 2 4 ~ g  present  
i n  t h e  t a r g e t  a t  t h e  l e v e l  of a few p a r t s  i n  l o 4 .  
The reduct ion  of t h e  acquired d a t a  i n t o  c ros s  
s ec t ions  has  almost been completed f o r  a l l  l e v e l s  
below 6.5 MeV by t h e  M.I.T. group. B. Norum has  modi- 
f i e d  h i s  (e,e ' )  l i n e  shape a n a l y s i s  program f o r  u se  w i th  
t hese  proton d a t a  by e l iminat ing  t h e  r a d i a t i v e  f e a t u r e s  
and including a multicomponent peak shape t o  account 
i s o l a t e d  peaks. The s o l i d  curves shown i n  Figure  1 
are t y p i c a l  of t h e  q u a l i t y  of t h e  f i t s  obta inable  wi th  
t h i s  a n a l y s i s  code. The l i n e  shape a n a l y s i s  approach 
enables t h e  p r e c i s e  e x t r a c t i o n  of peak a r e a s  and t h e  
proper determination of t h e  background l eve l s .  
The ana lys i s  of t h e  e l a s t i c  proton s c a t t e r i n g  data1 
from t h e  oxygen i so topes  is  e s s e n t i a l l y  complete and is 
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Figure 1. Section of  typical  proton spectrum taken 
during the oxygen experiment. SoZid Zines indicate 
the  r e s u l t s  of  the  M I T  Zine shape f i t t i n g  code. 
presented i n  F igure  2 i n  t h e  f o r q  of two r a t i o s :  t h e  t e r i n g  of t h e  r a d i a l  dependence of t h e  t r a n s i t i o n  
r a t i o  of t h e  170 cross  s e c t i o n  t o  t h e  160 cross  s ec t ion ;  charge dens i ty ,  i . e .  a neutron with % 0.5 proton 
and t h e  r a t i o  of 180 c ros s  s ec t ion  t o  t h e  160 cross  charge). The e l ec t ron  s c a t t e r i n g  r e s u l t s  f o r  t h e  
sec t ion .  From t h i s  r a t i o  p l o t  it is evident  t h a t  t h e  t r a n s i t i o n  cu r r en t  and magnetizat ion d e n s i t i e s  s e r ious ly  
170 r a t i o  is everywhere s l i g h t l y  l a r g e r  than 1 and t h e  d isagree  wi th  t h e  s i n g l e  p a r t i c l e  p red i c t i ons  and 
180 r a t i o  i s  everywhere l e s s  than 1. perhaps an understanding of t h i s  discrepancy can shed 
The e l ec t ron  s c a t t e r i n g  r e s u l t s 2  f o r  t h e  monopole l i g h t  on t h e  d i f f i c u l t i e s  i n  t h e  exchange term calcu- 
p a r t  of 170 and 180 a r e  displayed i n  Figure 3 i n  t h e  l a t i o n  f o r  t h e  proton data.  
form of r a t i o s  with r e spec t  t o  t h e  160 cross  sec t ion .  Due t o  t h e  e f f o r t s  of J. Kelly, most of t h e  c r o s s  
Except f o r  t h e  region  around Q, 1.5 fm'l where very  sec t ions  f o r  t h e  oxygen exci ted  s t a t e s  from t h e  proton 
rapid  v a r i a t i o n s  i n  c ros s  s ec t ion  a r e  caused by a d i f -  da t a  a r e  now ava i l ab l e .  The c r o s s  s ec t ions  from odd 
, f r a c t i v e  minimum, t h e  genera l  observation t h a t  t h e  170 p a r i t y  l e v e l s  of 170 a r i s i n g  from t h e  coupling of t h e  
r a t i o  is  c l o s e  t o  1 and the  180 r a t i o  is l e s s  than 1 d 512 neutron t o  t h e  3- o s c i l l a t i o n  of t h e  160 core  
is  s t r i k i n g l y  s i m i l a r  t o  t h e  proton r e s u l t s .  This show a s u r p r i s i n g  uniformity of shape and g rea t  s i m i -  
s i m i l a r i t y  i n  behavior is  a good ind ica t ion  t h a t  we l a r i t y  t o  t h e  c ros s  s ec t ion  f o r  t h e  3- s t a t e  i n  160 
may we l l  b e  succes s fu l  i n  understanding t h e  proton d a t a  by i t s e l f  ( s ee  Figure 5) .  This observation i s  a l s o  
i n  terms of a simple approximation i n  which t h e  inf luence  seen i n  t h e  e l e c t r o n  s c a t t e r i n g  r e s u l t s  and lends  some 
of t h e  valence neutrons and t h e i r  p o l a r i z a t i o n  of t h e  credence t o  t h e  spec t a to r  model f o r  t he se  l eve l s .  
core is  t r e a t e d  a s  a pe r tu rba t ion  using a DWIA t r e a t -  For t h e  f u t u r e  t h i s  experiment is  now en te r ing  a 
ment based on t h e  160 core a s  t h e  d i s t o r t i n g  o p t i c a l  phase where very  in t ens ive  t h e o r e t i c a l  work i s  required.  
po t en t i a l .  Combining these  d a t a  i n  t h i s  way may pro- The wealth of e x c i t i n g  da t a  now a v a i l a b l e  on t h e  oxy- 
v ide  us with a powerful means of making t h e  proton a gen i so topes  from both proton and e l e c t r o n  s c a t t e r i n g  
good probe of t he se  valence neutrons. has  a l ready s t imula ted  a number of ca l cu l a t i ons  a t  
We began t h e  ana lys i s  of i n e l a s t i c  l e v e l s  by Indiana,  M.I.T. and elsewhere. Experimentally we would 
studying t h e  I d  512 - 2s 112 s i n g l e - p a r t i c l e  t r a n s i -  
t i o n  i n  170 f o r  which our e l ec t ron  s c a t t e r i n g  d a t a  f o r  
t h i s  l e v e l  is presented i n  Figure 4 and is compared 
t o  a DWIA ca l cu l a t i on  by Picklesimer and Walker i n  
which a s i n g l e  neutron is assumed t o  be s o l e l y  res-  
ponsible f o r  t h e  t r a n s i t i o n .  The t o t a l  c a l c u l a t i o n  
descr ibes  t h e  da t a  r a t h e r  we l l  f o r  0 < 65O, whi le  f o r  
angles  g rea t e r  than t h i s  where t h e  exchange contribu- 
t i o n  is dominent t he  da t a  fo l low much more c lo se ly  t h e  
l i k e  t o  extend t h e  measurements t o  l a r g e r  s c a t t e r i n g  
angles  and t ake  a d d i t i o n a l  spec t r a  a t  higher exc i ta -  
t i o n  energy (10-20 MeV). 
** Lawrence Livermore Laboratory 
1 )  B. Norum, e t  a l . ,  A s i l o m a r  Conference, November 
1978. 
2) H. Miska, e t  a l . ,  t o  be published i n  Physics 
L e t t e r s  B. 
d i r e c t  cont r ibut ion  by i t s e l f .  The good agreement 
with t h e  da t a  f o r  forward angles  lends  support  t o  t h e  
s i n g l e  p a r t i c l e  na tu re  of t h i s  t r a n s i t i o n .  This i s  
cons i s t en t  wi th  t h e  measuke we have from e l e c t r o n  sca t -  
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Figure 3. Ratio of e k s t i c  electron scattering cross 
sections for 7~ and 180 with respect t o  160. 
Figure 2. Ratio of e k s t i c  proton scattering CPOSS 
sections for 170 and 180 with respect t o  160. Inci- 
dent proton energy = 135 MeV. 
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Figure 4. Inelastic proton scattering results for the 
12/+(0,871 MeV) level of 170. The curves are the resul t  
of a ca lcukt ion  by Picklesimer and Walker. 
Figure 5. Inelastic proton scattering resul ts  for se- 
lected odd p a r i t y  levels i n  170 i n  comparison with the 
resul ts  for the 3' (6.1 3 MeV) level i n  160. 
,Figure 6.  Diatogue between theorists and experimentatists during data taking run for t h i s  experiment. 
